ABSTRACT Over eight years, 58 rural Nigerians with pericarditis were treated surgically in Zaria using basic surgical facilities. Eighteen patients had purulent pericarditis, associated with staphylococcal pneumonia in children, or pneumococcal pneumonia in adults. Treatment with antibiotics and prompt pericardiectomy appeared to be superior to drainage, since a quarter of those initially treated with surgical drainage developed early constriction and required pericardiectomy soon after. Thirteen patients had chronic pericardial effusions, of whom one had epicardial constriction and two had cardiomyopathy. Twenty-seven patients had chronic constrictive pericarditis but tuberculosis was confirmed histologically in three only. Echocardiographic findings remained unchanged in five patients evaluated before and after pericardiectomy. Eight of the 13 patients who died had already developed myocardial or hepatic insufficiency before operation, because of late presentation or diagnosis. Greater awareness of the significance of precordial pain in this rural population where ischaemic heart disease is rare would help in making an earlier diagnosis.
Bacterial infections are an important cause of pericarditis in tropical Africa. Purulent pericarditis often presents in a life-threatening manner demanding urgent attention especially in children and adolescents.1 Chronic pericarditis, on the other hand, is more insidious in its mode of presentation, often having no relationship to any previous acute episode, frequently presenting with misleading, predominantly abdominal signs, and it had not apparently been treated surgically in this region before 1971. Surgery for these conditions is, however, well within the scope of basic surgical facilities, even when sophisticated thoracic equipment is entirely lacking. We 58 patients with pericarditis were operated upon. They have been divided into three groups: purulent pericarditis (18) , chronic pericardial effusion (13) , and chronic constrictive pericarditis (27).
Results
The various surgical procedures and the postoperative deaths in the three groups of patients are summarised in the table. Pulmonary consolidation or infiltration or pleural effusion was shown radiologically in all, but an enlarged globular heart was initially seen in only half the cases. The principal finding on the ECG obtained in nine cases was sinus tachycardia with a flat or inverted T wave in the chest leads. Blood counts showed a leucocytosis ranging from 11 000 to 36 000 in half the cases, with neutrophilia and toxic granulation. Gram stain of the sputum smear showed leucocytes and bacteria in many of those who had pneumonia.
The diagnosis was confirmed by pericardiocentesis. From the pus aspirated, S pneumoniae was cultured in three, S aureus in three, and H influenzae in one. There was no growth in six instances but S pneumoniae was cultured from the sputa of four patients. In one patient with pneumococcal pneumonia who died, S typhi was cultured from the blood. The Ziehl-Neelsen (ZN) stain of multiple smears of sputa from five patients, pericardial pus from three and the pleural fluid in one, showed no acid-fast bacilli.
All patients were initially treated with parenteral penicillin and streptomycin, varied later according to the results of sensitivity tests. Nine patients were managed by tube pericardiostomy using a trocar and cannula through the subxiphoid approach; six of these improved, two developed pericardial constriction and required pericardiectomy before improving and one (11 %) died of S typhi septicaemia two days after operation. Primary pericardiectomy was performed in seven cases, five ofwhom improved. Two died; a 16-year-old boy who had been treated for tuberculosis for six months before operation died of pulmonary oedema one month later and a 22-yearold man who had loculated empyemas died of staphylococcal septicaemia three weeks after operation.
The child with tropical pyomyositis improved after needle aspiration of the pericardial collection and incision and drainage of her multiple skeletal abscesses. The parents of an 8-year-old boy refused consent for operation and removed him from the hospital after a few needle aspirations. He was returned moribund to the hospital a month later but died a few minutes after arrival.
Overall four patients died in this group but excluding the boy for whom operation was refused, the mortality was three out of 17 (18 %), two out of nine (22 %) for those who had pericardiectomy, and one of nine (11 %) for those who had tube pericardiostomy.
CHRONIC PERICARDIAL EFFUSION
Twelve men and one woman ranging in age from 20 to 60 years were operated upon for chronic pericardial effusion. The duration of symptoms ranged widely from one month to four years, with a median of five months.
The major symptoms were precordial or epigastric pain in all, dyspnoea in 10 patients, and variously a cough, leg swelling, weight loss, abdominal swelling, and palpitations. On examination, an elevated jugular venous pressure and a quiet heart with an impalpable apex and hepatomegaly were present in 10. Seven patients had ascites, in one actually leaking through a traumatic abdominal puncture. The pulse was of small volume in all, and a paradoxical pulse, indicating chronic tamponade, was found in nine.
An enlarged globular heart shadow with clear lung fields (fig 1) was the prominent finding on the chest radiographs, and three patients also had a pleural effusion. An ECG was obtained in 10 patients. Sinus rhythm was present in eight, two of whom had ectopic ventricular beats and one electrical alternans; one patient had sinus tachycardia and the other showed atrial fibrillation. There was a low QRS voltage in all cases with a flat or depressed T wave in the limb and chest leads.
Only two patients were anaemic. However, the uIlii~~I Arr blood urea nitrogen was elevated in six patients, four of whom eventually died. Only one of these had a large haemorrhagic effusion, possibly of uraemic origin. Diagnosis was confirmed by pericardiocentesis, a clear straw-coloured to brownish fluid being obtained in all but one instance. The volume ranged from 700 to 3000 ml. In about half the patients, no organism was recovered from the pericardial fluid, blood, sputum, or pleural fluid. The ZN stain was performed on several sputum smears from five of the patients but acid-fast bacilli were not seen.
In general, the patients were treated with diuretics and anti-tuberculous drugs. Half of them had also been treated with digoxin by their referring physicians; three had received steroids. Two patients improved after pericardiocentesis and refused further surgery but remained on medications. A third patient also improved after tube pericardiostomy. A pericardial window was created in seven patients, four of whom improved. Three patients died-one from exsanguination when the right ventricle was lacerated while creating a pericardial window through the subxiphoid approach, one of myocardial failure, and the other of liver failure. Pericardiectomy was performed on three patients. Two improved and one died of myocardial failure. Thus the mortality after a pericardial window operation was three out of seven (43 %). The pericardium was relatively normal in the two patients in this group who died of myocardial failure. In retrospect they were both thought to have had a cardiomyopathy.
CHRONIC CONSTRICTIVE PERICARDITIS
Twenty-seven patients (17 male and 10 female) had pericardiectomy for chronic constrictive pericarditis. The youngest was an infant of 8 months. One was a child of 2 years who had had a pericardial window made three months previously in another hospital for purulent pericarditis. Six patients were in the second decade, eight in the third, seven in the fourth, and four were over 40 years of age. Symptoms had been present from two months to five years (median one year). Many of the patients had been treated for congestive heart failure or cirrhosis of the liver at outstation hospitals before referral to this hospital and two middle-aged patients were already jaundiced at the time of admission.
The major symptoms were dyspnoea, abdominal distension, cough, and leg swelling. Nine patients complained also of precordial pain, 12 of epigastric pain, six of palpitations, and one patient of syncopal attacks. All these patients had an elevated jugular venous pressure reaching the angle of the jaw, and obvious hepatomegaly. The apex beat was impalpable Mabogunje, Adesanya, Khwaja, Lawrie, Edington in two-thirds of the patients, and half of them had ascites and leg oedema. A pericardial knock and a friction rub were each recorded in three patients. Most patients had a blood pressure in the low range of normal and a small volume pulse. The pulse was irregular in four but only half of the patients had tachycardia.
The heart was usually of normal size on the chest radiograph, and nine cases had pericardial calcification best seen in the lateral projection (fig 2) . The right upper mediastinum was widened because of the distended superior vena cava. The lung fields were usually clear. However, in six cases the heart shadow was enlarged giving the impression of a left ventricular aneurysm in one instance. Five cases had pleural effusions and two pleural thickening.
The ECG obtained in 16 patients showed sinus rhythm in nine, atrial fibrillation in four, sinus tachycardia in two, and incomplete right bundle branch block in one. There was low QRS voltage with flat or inverted T waves in the limb and precordial leads.
The blood urea nitrogen (BUN), electrolytes, and liver function tests were within normal limits except in the two jaundiced patients. One of these had a BUN of 30 mmol/l and total bilirubin of 373 mmol/l. They both had fetor hepaticus on admission but the hepatitis-associated antigen was not present in their sera. Acid-fast bacilli were not seen on the ZN stains of several sputum smears but the sputum culture in two patients each grew S pneumoniae and Klebsiella spp. At thoracotomy, two patients had thick loculated pericardial abscesses which were sterile on i i s4".. 
culture. Seven of these patients had been on triple anti-tuberculous therapy on the suspicion of tuberculous pericarditis.
Under endotracheal anaesthesia, left anterolateral thoracotomy was performed through the bed of the fifth or sixth rib. In all, the constricting pericardium was much thickened and adherent to the myocardium, the pericardial space being completely obliterated in all but four. In one of these there was loculation of 300 ml of clear fluid; in a second, there was a large blood clot overlying and constricting the right ventricle; in the third, thick yellow pus was encased over the right ventricle; and in a fourth, a horse-shoe shaped cavity full of pus was encased over the right and left ventricles and had simulated a ventricular aneurysm on the chest radiograph. By sharp and blunt dissection, a plane of cleavage was developed deep to the epicardium and both pericardial layers were excised from posterior to the left phrenic nerve to as far to the right under the sternum as was feasible. An attempt was made to free most of the anterior surfaces of the left and right ventricles, the left atrioventricular groove and the ventricular apex. Patches of calcified or densely adherent epicardium were left, bone shears being used occasionally. The chest was closed with an underwater seal.
Resuscitation was not successful in two patients who suffered cardiac arrest on the operating table immediately after pericardiectomy and in a third in the recovery area. The two jaundiced patients died of progressive liver failure nine and 13 days respectively after surgery. Thus five (19%) of the 27 patients in this group died.
The postoperative period was complicated in two patients by cholestatic jaundice which cleared over three weeks, in two others by empyema, and in one patient by a post-pericardiectomy syndrome.
Five patients with chronic constrictive pericarditis had echocardiographic evaluation before pericardiectomy. They all demonstrated the sharp abnormal posterior motion of the left ventricular posterior wall in early diastole and abnormal motion of the ventricular septum. When the patients were studied two to four weeks after operation, these abnormalities were unchanged but the posterior left ventricular wall motion was perhaps less sharp. In one of them, the much thickened pericardium was less prominent after surgery. Two other patients who had constrictive pericarditis were studied only after pericardiectomy. In one the motion of the left ventricular posterior wall was normal six weeks after operation, the patient having improved clinically; in the other, the abnormal posterior motion of the left ventricular posterior wall was still present one year after operation.
PATHOLOGICAL FINDINGS
In the first group of patients, those with purulent pericarditis, the histological appearance of the pericardial tissue was of non-specific chronic inflammation in four, acute pyogenic inflammation in three, and tuberculosis in two.
Eleven specimens were obtained from the patients with pericardial effusion, of which six showed nonspecific chronic inflammation, and three showed tuberculous changes. The remaining two were from the patients who were considered to have a cardiomyopathy and these were grossly normal with minimal fibrosis.
In the chronic constrictive pericarditis group, the excised pericardium varied from 5-20 mm in thickness. Only three specimens showed tuberculous changes. The other 24 showed non-specific chronic inflammation varying from fibrosis with sparse infiltration of round cells to dense collagenous tissue, with areas of dystrophic calcification in nine instances. In one case, the grossly "calcified nodules" were found histologically to be focal accumulations of cholesterol crystals. However, in the two youngest patients, foci of fibrinoid necrosis suggestive of a rheumatic origin were present.
The thickest pericardial specimens came from two patients aged 20 and 14 years respectively. The former had purulent pericarditis while the latter had chronic constrictive pericarditis. In both cases PASpositive helminth-like structures were present with a dense chronic inflammatory reaction around them. The exact role of these "helminths" in the pathogenesis of pericardial thickening is not clear.
FOLLOW-UP
Many of these patients came from long distances to this hospital and usually returned to their local hospitals one to three months after operation. Thus of the 45 patients discharged long-term information is available only in nine. None of those with purulent pericarditis were seen in our cardiac clinic beyond three months, when they were symptomatically improved. Of those operated on for pericardial effusion, two were seen one year later, one was still in atrial fibrillation and taking digoxin and diuretics for moderate ascites and the other was well, taking no drugs. One of the two with cardiomyopathy had not deteriorated. Six patients operated on for chronic constrictive pericarditis were followed for one to four years. Four were much improved, taking no drugs while two have reduced venous pressure and liver size but are still on digoxin and diuretics.
Discussion
Since the antibiotic era, purulent pericarditis appears to be less common in the Western world, but is still a major clinical concern in Africa.1 3 In children S aureus is the most common bacterial cause,4-6 and this was found to be true also in Northern Nigeria. Two of the three patients with S aureus pericarditis in this series were children. In one, purulent pericarditis occurred along with fulminating tropical pyomyositis, in which the multiple skeletal abscesses may divert the doctor's attention, the pericarditis being discovered later at necropsy.7 In adults S pneumoniae was the most commonly implicated organism both in the pericardial pus and the sputa of those who had pneumonia, thus conforming with the pattern of pneumococcal pericarditis elsewhere. 8 The Tuberculosis is commonly presumed but infrequently proved. In only three of the 27 cases of constrictive pericarditis was there histological evidence of tuberculosis. Some of those in the nonspecific chronic inflammatory group may well have had tuberculous or viral pericarditis initially, though others may have resulted from inadequately treated purulent pericarditis.1 14 15 After pericardiectomy through a left thoracotomy, the rate of clinical improvement has often been less impressive than the dramatic improvement in cardiac action and filling seen at the time of operation. The postoperative echocardiogram in five of our patients showed that the abnormality in the motion of the left ventricular septum persisted up to four weeks. This agrees with the findings of Pool et al. 16 The haemodynamic findings in similar patients from South Africa17 18 showed that right ventricular function remained unimproved with persistent elevation in the end-diastolic pressure. As with their patients and others from Southern Nigeria,19 residual cardiac failure of variable severity required continuation of drug treatment in some of our patients for weeks after operation. This has been ascribed to the inadequate pericardiectomy of the right heart afforded by the limited access of left thoracotomy, or to myocardial dysfunction. Further clinical improvement can occur over several months and the four patients in this series followed up to four years have demonstrated this pattern.
Pericardial disease represents 2 to 4 % of cardiac disorders in this region '4 20 but constitutes the majority of those cardiac problems which can be managed by the limited surgical facilities available in a rural setting. Potentially great relief and occasional permanent cure may be afforded this group of patients. It is thus regrettable that many patients with chronic pericardial effusion and chronic constrictive pericarditis presented late when irreversible myocardial or hepatic insufficiency had developed. In this series, five of the 13 deaths were due to myocardial failure presumably the result of fibrosis or myocardial fibre atrophy,15 21 and three patients died of liver failure within two weeks of pericardiectomy. Since in this rural African population, ischaemic heart disease is exceptionally rare,22 23 
